Chrysotile asbestos which comprises over 90 % of the total asbestos mineral used by our industrial society is a very unique polymorph of the mineral serpentine. It is composed of single, very fine fibres which have been shown by Maser, Rice, and Klug (1960) and Yada (1967) to be less than 30 nm (300A) in diameter.
When seen in hand specimens or under the optical microscope, however, only strands or aggregates of these fine fibres are observed.
Chrysotile has the ability to form a very large variety of particle shapes and sizes because of the very fine nature of its single fibre structure. Because of this large variation in particle morphology, it is possible to define only the size of the single chrysotile fibril. It is almost impossible to define particles of larger size than the single fibril by any single parameter as strands composed of large numbers of single fibrils often branch and bush at their ends and intertwine with other strands to become irregular aggregates (Fig. 1 ).
The degree of aggregation obtained in any particular chrysotile dust sample is governed by the mechanical treatment the sample has received. Vorwald, Durkan, and Pratt (1951) found that ballmilled chrysotile had a great tendency to form small spherules which prevented the efficient dispersion of the material as fibres in their animal inhalation studies. The ability of chrysotile fibres to form such aggregates thus implies that it is impossible to manufacture a chrysotile dust with any specific dimensions and that the characteristics of chrysotile dust clouds will vary with the method of production of the particles. Speil and Leineweber (1969) show that the degree of length disintegration of fibre bundles depends not only upon the severity of the mechanical action imposed on the sample, but also upon the brittleness or harshness of the mineral. They also found that the fibrous nature, together with the actual structure, of the mineral can be completely 146 FIG. 1. A sample of chrysotile dust paiticles (x 2000) .
destroyed when intensive grinding of a chrysotile sample is performed.
Because of the heterogeneous nature of chrysotile dust particles, a number of questions can be raised concerning the influence of the particle form on both the aerodynamic behaviour of the dust when airborne, and also the form in which it may be a danger to health.
Because of lack of a more specific method of identification, light microscopists have been unwilling to identify fibres of less than 3:1 aspect ratio as chrysotile. However, Timbrell, Pooley, and Wagner (1970) observed that chrysotile seen in lung tissue with the electron microscope bears little resemblance to the same material viewed by optical means. A similar result by Lynch and Ayer (1968) obtained from the examination of airborne chrysotile dust particles showed that the electron microscope was essential for the study of the majority of chrysotile dust particles which could not be resolved in the optical microscope.
Some doubt has been expressed about the prevalence of asbestos in the lungs of the general population of the industrial countries of the western world who are not occupationally exposed to asbestos. Gross, deTreville, and Haller (1969) found that they could not identify chrysotile in the core of 28 ferruginous bodies extracted from the lungs of urban dwellers not occupationally exposed to asbestos in America. Langer (1970) , however, states that the analysis of a number of ferruginous bodies gave results which were consistent with magnesium-leached chrysotile. Chrysotile has been shown to be a very common constituent of the dust contained in the lungs of a rural population group in Great Britain by Pooley, Oldham, Um, and Wagner (1970) and also of a city population group in America by Langer, Selikoff, and Sastre (1971) . As chrysotile appears to be rarely detected in the cores of ferruginous bodies found in the lung and yet appears to be a common constituent of environmentally exposed lung tissue, it seems that greater effort should be made to establish the presence and characteristics of this mineral in lung tissue of those people likely to have been exposed to dusts containing it.
Chrysotile is the only asbestos mineral which can at present be positively identified as particles less than 1 micron in size. This is partly because of its unique morphology but also because the mineral gives very characteristic electron diffraction patterns when subjected to diffraction analysis in the electron microscope. Therefore, once it is detected in lung tissue, there is no difficulty whatsoever in establishing its identity with the aid of the electron microscope.
This paper reports the characteristics of chrysotile fibre found in lung tissue of people occupationally exposed to chrysotile asbestos and also in the tissue of random samples of the general population. The results were obtained from a study of material drawn from a wide range of environments, including those who lived in rural, urban, and industrial areas, and also from persons previously employed in the production and processing of chrysotile asbestos. No attempt will be made to report the incidence of chrysotile obtained from the cases examined as this information is to be published separately. Approximately 300 cases have been examined and these break down into the groups listed in the Table. support grids for examination. A schematic presentation of the preparation procedure is given (Fig. 2) . Both the techniques employed have the advantage that they produce specimens for examination which are representative of the whole mineral content of the lung. There is no bias in the selection of particles as in the case of micromanipulation, for example. The digested lung residues have one distinct advantage, that the mineral is concentrated and so is suitable for specimens where the asbestos fibre content is very low. The ashed thin sections have the advantage that the mineral is located in the final specimen as it was in the tissue, so that, together with the outline of the ashed tissue, a great deal of information about the location and deposition of any fibrous material can be obtained.
Results
It was found from examination of over 300 lung specimens that chrysotile is an easy fibre type to detect with an electron microscope because of the distinctive fine fibre structure of the mineral. As the particles of chrysotile were usually composed of numerous single fibres, no difficulty was encountered in obtaining good polycrystalline electron diffraction patterns for positive identification of the mineral. Figures 3 and 4 are two examples of the diffraction patterns obtained from chrysotile particles by means of selected area electron diffraction.
Selected area electron diffraction patterns obtained from chrysotile dust particles vary in character, depending partly on the size of the dust particle from which the diffraction pattern is obtained, and also on the size of the diffraction aperture employed when recording the pattern. The larger the diffraction aperture used, the larger the area of the particle or specimen which is selected and thus contributes to the pattern. As the size of chrysotile particles increases the number of single fibrils from which they are composed also increases. Diffraction patterns obtained from particles of chrysotile larger than a single fibril are produced from a number of fibrils and are therefore polycrystalline in character. In some circumstances, where the diffraction aperture defines a large number of randomly orientated crystallites, Debye-Scherrer ring patterns are obtained. As the majority of selected area diffraction patterns from chrysotile particles are polycrystalline, the characteristic features of the patterns are the curved reflections which can be observed in Figures 3 and 4 . If the curved reflections are sufficiently pronounced and the pattern is not too distorted, the distances between diametrically opposed reflections can be measured and the interplanar spacings or 'd' values producing the reflections can be calculated and compared with data obtained from reference samples. Comparison of the unknown diffraction pattern with the diffraction patterns obtained from known particles of chrysotile is also useful in order to compare the position of reflections which appear as either arcs or single spots.
The chrysotile particles in lung specimens were all extremely variable as predicted from the examination of dust particles of commercial chrysotile. They varied from bundles or strands of chrysotile fibres of various lengths, sometimes curved and twisted, sometimes straight, to single fibres of chrysotile, again of various lengths and in a variety of attitudes. Aggregated fibres were also found sometimes containing only several small fibres, but also several thousand fine fibres. Examples of these various types of particles are illustrated (Figs 5 to 8) .
The great majority of chrysotile fibres detected in lung tissue had developed no ferruginous coating. fibres by some several thousand to one. An example of one classical asbestos body formed on a bundle of chrysotile fibres is shown (Fig. 9) .
The examination of chrysotile particles in those specimens prepared from ashed thin sections sug- rfibres and aggregates of fibres was different. In the  FIG. 1O . An area of an ashed section from an occupation-occupational group the fibre was practically always ally exposed case showing the tissue ash and associated found in the form of strands, i.e., bundles of single chrysotile fibre. chrysotile fibres. These strands of fibre varied in thickness, i.e., in the number of singl contained, and were often twisted an their ends. Single fibres of chrysotile we in these cases, but the single fibres were very long in relation to their diamet rarely less than 1 micron in length. Ai these occupationally exposed cases (Fig. 13) . It was only in these occupatioi lungs that asbestos bodies containir cores were found.
In the control groups of specimer fibres were always very sparse. A nui parations from these groups, which inc from industrial, rural, and urban e were found to be free of chrysotile. M the chrysotile occurred in two main fo large aggregates of several hundred secondly, as dispersed, very short ind or small bundles of chrysotile. (1951) observed that, by reducing the as, chrysotile length of the chrysotile dust injected into guinea-pig mber of pre-lungs from 20 to less than 3 microns, they reduced -luded people the formation of asbestos bodies to practically nil nvironments, and those which were observed were found to have Vhen present, formed on the few long fibres which were contained )rms: first, as in the -3 micron dust. Similar observations with fibres and, amphibole fibres confirm the dependence of the Lividual fibres formation of the classical asbestos bcdy on fibre two types are length. servations of
The differences in character between chrysotile group of non dust particles contained in the lungs of occupationally i the general and non occupationally exposed persons are not too Its show the difficult to comprehend when the production of dust over bundles, particles is considered. Occupationally exposed ed having a individuals generally handle raw fibre which has been treated in such a way that the long fibrous ibres or fibre nature of the material is retained as much as iicles for the possible. Chrysotile asbestos fibre is only commercial )s bodies of because it can be produced in long fibre or strand requisite for form. It is therefore safe to say that the majority of straight fibre dust particles produced by the handling of raw commercial fibre will be fibrous (i.e., strand-like) as the amount of mechanical handling it receives is kept to a minimum to preserve this property.
The chrysotile dust particles found in the lungs of non occupationally exposed persons will have been derived from different sources than in occupationally exposed persons. The sources will be the many asbestos products containing chrysotile and from which dust particles are produced by far more mechanical action than the raw fibre ever receives. It is likely, therefore, that the character of particles produced by the secondary handling of chrysotile asbestos products will be different. Langer et al. (1971) found that chrysotile asbestos is biologically affected by its residence in the lung, resulting in a loss of its magnesium content, an observation also reported by Morgan and Holmes (1970) . Of the chrysotile particles detected in the 300 cases examined and subjected to diffraction analysis, all were found to give the characteristic. chrysotile Aim diffraction pattern. Studies by Morgan and Pooley (1970) 
Conclusions
Chrysotile fibres in lung sections and residues present a wide variety of patterns due to their small diameter, great variation in length, curved shape, and the tendency to aggregate into bundles of fibrils. No simple description can adequately describe the variety of appearance, but the high specificity of the diffraction pattern enables positive identification of individual fibres which can be selected for examination with the aid of the electron microscope.
The hollow appearance characteristic of single chrysotile fibrils is also useful in substantiating an identification but cannot in itself be considered to be a feature on which positive identification can be made. As in all mineralogical studies, identification must be based on the observation of a number of physical and chemical properties of the material.
The character of chrysotile dust particles found in the lung differs between occupationally and non occupationally exposed individuals. In the former group, the particles are generally found as strands of single fibres, mainly grouped together in discrete locations in the lung. In the latter group, the majority of the chrysotile particles are found as aggregates together with short single fibres and fibre bundles distributed about the lung.
Ferruginous bodies or asbestos bodies have been found to form very rarely on chrysotile particles and only on particles suitable for their formation, i.e., straight fibre bundles over several microns in length. Chrysotile dust particles are therefore not always suitable to act as a nucleus for a classical asbestos body shape. The majority of asbestos bodies seen under the optical microscope may be said to be formed on amphibole asbestos fibres.
